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SEQUENCE LISTING 



<110> Degussa AG 

National University of Ireland, Galway 
Forschungszentrum Julich GmbH 



<120> Process for the Preparation of L-Amino Acids with 
Ampification of the zwf Gene. 

<130> 990239BT 



<160> 20 

<170> Patentin Ver. 2.1 

<210> 1 
<211> 2811 
<212> DNA 

<213> Corynebacterium glutamicum 

<220> 
<221> CDS 

<222> (373) . . (2022) 
<223> pgi 

<400> 1 

aaaacccgag gggcgaaaat tccaccctaa cttttttggg atcccctttt tccggggaat 60 

taattggttt gggtttcaat gggaaaacgg gaaacaatgg gccaaaggtt caaaaacccc 12 0 

aaaagggggc cgggttcaaa ttcccaaaaa aaatggcaaa aaaggggggg ccaaaaccaa 180 

gttggccccc aaaccaccgg ggcaacggcc cacccacaaa ggggttgggt taaaggaagg 240 

acgcccaaag taagcccgga atggcccacg ttcgaaaaag caggccccaa ttaaacgcac 3 00 

cttaaatttg tcgtgtttcc cactttgaac actcttcgat gcgcttggcc acaaaagcaa 360 

gctaacctga ag atg tta ttt aac gac aat aaa gga gtt ttc atg gcg gac 411 
Met Leu Phe Asn Asp Asn Lys Gly Val Phe Met Ala Asp 



att teg acc acc cag gtt tgg caa gac ctg acc gat cat tac tea aac 
lie Ser Thr Thr Gin Val Trp Gin Asp Leu Thr Asp His Tyr Ser Asn 



ttc cag gca acc act ctg cgt gaa ctt ttc aag gaa gaa aac cgc gcc 
Phe Gin Ala Thr Thr Leu Arg Glu Leu Phe Lys Glu Glu Asn Arg Ala 



gag aag tac acc ttc tec gcg get ggc etc cac gtc gac ctg teg aag 
Glu Lys Tyr Thr Phe Ser Ala Ala Gly Leu His Val Asp Leu Ser Lys 
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aat ctg ctt gac gac gcc acc etc acc aag etc ctt gca ctg acc gaa 
Asn Leu Leu Asp Asp Ala Thr Leu Thr Lys Leu Leu Ala Leu Thr Glu 



gaa tot ggc ctt cgc gaa cgc att gac gcg atg ttt gcc ggt gaa cac 
Glu Ser Gly Leu Arg Glu Arg lie Asp Ala Met Phe Ala Gly Glu His 



etc aac aac acc gaa gac cgc get gtc etc cac acc gcg ctg cgc ctt 

Leu Asn Asn Thr Glu Asp Arg Ala Val Leu His Thr Ala Leu Arg Leu 
95 100 105 

cct gcc gaa get gat ctg tea gta gat gge eaa gat gtt get get gat 

Pro Ala Glu Ala Asp Leu Ser Val Asp Gly Gin Asp Val Ala Ala Asp 

110 115 120 125 

gtc cac gaa gtt ttg gga cgc atg cgt gac tte get act gcg ctg cgc 

Val His Glu Val Leu Gly Arg Met Arg Asp Phe Ala Thr Ala Leu Arg 

130 135 140 

tea gge aac tgg ttg gga cac acc ggc cac aeg ate aag aag ate gtc 

Ser Gly Asn Trp Leu Gly His Thr Gly His Thr lie Lys Lys lie Val 

145 150 155 

aae att ggt ate ggt gge tet gac etc gga eca gee atg get aeg aag 

Asn lie Gly lie Gly Gly Ser Asp Leu Gly Pro Ala Met Ala Thr Lys 
160 155 170 

get ctg cgt gca tac gcg acc get ggt ate tea gca gaa tte gtc tec 

Ala Leu Arg Ala Tyr Ala Thr Ala Gly lie Ser Ala Glu Phe Val Ser 
175 180 185 

aac gtc gac cca gea gac etc gtt tet gtg ttg gaa gac etc gat gca 

Asn Val Asp Pro Ala Asp Leu Val Ser Val Leu Glu Asp Leu Asp Ala 

190 195 200 205 

gaa tec aca ttg tte gtg ate get teg aaa act tte ace aee eag gag 

Glu Ser Thr Leu Phe Val lie Ala Ser Lys Thr Phe Thr Thr Gin Glu 

210 215 220 

aeg ctg tee aae get cgt gca get cgt get tgg ctg gta gag aag etc 

Thr Leu Ser Asn Ala Arg Ala Ala Arg Ala Trp Leu Val Glu Lys Leu 

225 230 235 

ggt gaa gag get gtc gcg aag cac tte gtc gca gtg tee acc aat get 

Gly Glu Glu Ala Val Ala Lys His Phe Val Ala Val Ser Thr Asn Ala 
240 245 250 

gaa aag gtc gca gag tte ggt ate gac aeg gac aac atg tte ggc tte 

Glu Lys Val Ala Glu Phe Gly He Asp Thr Asp Asn Met Phe Gly Phe 
255 260 265 

tgg gac tgg gtc gga ggt egt tac tee gtg gae tec gca gtt ggt ctt 

Trp Asp Trp Val Gly Gly Arg Tyr Ser Val Asp Ser Ala Val Gly Leu 

270 275 280 285 

tec etc atg gca gtg ate ggc cct cgc gac tte atg egt tte etc ggt 

Ser Leu Met Ala Val He Gly Pro Arg Asp Phe Met Arg Phe Leu Gly 

290 295 300 
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gga ttc cac gcg atg gat gaa cac ttc cgc acc acc aag ttc gaa gag 
Gly Phe His Ala Met Asp Glu His Phe Arg Thr Thr Lys Phe Glu Glu 
305 310 315 

aac gtt cca ate ttg atg get ctg etc ggt gtc tgg tac tec gat ttc 
Asn Val Pro lie Leu Met Ala Leu Leu Gly Val Trp Tyr Ser Asp Phe 
320 325 330 

tat ggt gca gaa acc cac get gtc eta cet tat tec gag gat etc age 
Tyr Gly Ala Glu Thr His Ala Val Leu Pro Tyr Ser Glu Asp Leu Ser 
335 340 345 

cgt ttt get get tac etc cag cag ctg ace atg gag ace aat ggc aag 
Arg Phe Ala Ala Tyr Leu Gin Gin Leu Thr Met Glu Thr Asn Gly Lys 
350 355 360 365 

tea gtc cae cgc gac ggc tec cct gtt tee act ggc act ggc gaa att 
Ser Val His Arg Asp Gly Ser Pro Val Ser Thr Gly Thr Gly Glu lie 
370 375 380 

tac tgg ggt gag cct ggc aca aat ggc cag cac get ttc ttc cag ctg 
Tyr Trp Gly Glu Pro Gly Thr Asn Gly Gin His Ala Phe Phe Gin Leu 
385 390 395 

ate cac cag ggc act cgc ctt gtt cca get gat ttc att ggt ttc get 
lie His Gin Gly Thr Arg Leu Val Pro Ala Asp Phe lie Gly Phe Ala 
400 405 410 



_Q 30 cgt cca aag cag gat ctt cet gee ggt gag cgc ace atg cat gac ctt 

"yj Arg Pro Lys Gin Asp Leu Pro Ala Gly Glu Arg Thr Met His Asp Leu 

K 415 420 425 

J= ttg atg age aac ttc ttc gca cag acc aag gtt ttg get ttc ggt aag 

51 35 Leu Met Ser Asn Phe Phe Ala Gin Thr Lys Val Leu Ala Phe Gly Lys 

^~ 430 435 440 445 

aac get gaa gag ate get gcg gaa ggt gtc gca cct gag ctg gtc aac 
Asn Ala Glu Glu lie Ala Ala Glu Gly Val Ala Pro Glu Leu Val Asn 
40 450 455 460 

cac aag gtc gtg cca ggt aat cgc cca ace ace ace att ttg gcg gag 
His Lys Val Val Pro Gly Asn Arg Pro Thr Thr Thr lie Leu Ala Glu 
465 470 475 

45 

gaa ctt acc cct tct att etc ggt gcg ttg ate get ttg tac gaa cac 
Glu Leu Thr Pro Ser He Leu Gly Ala Leu He Ala Leu Tyr Glu His 
480 485 490 

5 0 ace gtg atg gtt cag ggc gtg att tgg gac ate aac tec ttc gac caa 
Thr Val Met Val Gin Gly Val He Trp Asp He Asn Ser Phe Asp Gin 
495 500 505 

tgg ggt gtt gaa ctg ggc aaa cag cag gca aat gac etc get ccg get 
55 Trp Gly Val Glu Leu Gly Lys Gin Gin Ala Asn Asp Leu Ala Pro Ala 
510 515 520 525 
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gtc tct ggt gaa gag gat gtt gac teg gga gat tct tec act gat tea 1995 
Val Ser Gly Glu Glu Asp Val Asp Ser Gly Asp Ser Ser Thr Asp Ser 
530 535 540 

ctg att aag tgg tac cge gca aat agg tagtcgcttg cttatagggt 2 042 

Leu lie Lys Trp Tyr Arg Ala Asn Arg 
545 550 



caggggcgtg 


aagaatcctc 


gectcatage 


actggccgct 


atcatcctga 


cctcgttcaa 


2102 


tctgcgaaea 


gctattactg 


ctttagctcc 


gctggtttct 


gagattcggg 


atgatttagg 


2162 


ggttagtgct 


tctcttattg 


gtgtgttggg 


catgatcccg 


actgctatgt 


tcgcggttgc 


2222 


tgcgtttgcg 


cttccgtcgt 


tgaagaggaa 


gttcactact 


tcccaactgt 


tgatgtttgc 


2282 




actgctgccg 


gtcagattat 


tcgtgtcgct 


ggacctgctt 


cgctgttgat 


2342 


ggtcggtact 


gtgttcgcga 


tgtttgcgat 


cggagttacc 


aatgtgttgc 


ttccgattgc 


2402 


tgttagggag 


tattttccgc 


gtcacgtcgg 


tggaatgtcg 


acaacttatc 


tggtgtcgtt 


2462 


ccagattgtt 


caggcacttg 


ctccgacgct 


tgccgtgccg 


atttctcagt 


gggctacaca 


2522 


tgtggggttg 


accggttgga 


gggtgtcgct 


cggttcgtgg 


gcgctgctgg 


ggttggttgc 


2582 


ggcgatttcg 


tggattccgc 


tgttgagttt 


gcagggtgcc 


agggttgttg 


cggcgccgtc 


2642 


gaaggtttct 


cttectgtgt 


ggaagtctte 


ggttggtgtg 


gggctcgggt 


tgatgtttgg 


2702 


gtttacttcg 


tttgcgaegt 


atateetcat 


gggttttatg 


eegcagatgg 


taggtgatce 


2762 


aaagaattca 


aaaagcttct 


cgagagtact 


tctagagcgg 


ccgcgggcc 




2811 



<210> 2 
<211> 550 
<212> PRT 

<213> Corynebaeterium glutamicum 
<400> 2 

Met Leu Phe Asn Asp Asn Lys Gly Val Phe Met Ala Asp lie Ser Thr 



Thr Gin Val Trp Gin Asp Leu Thr Asp His Tyr Ser Asn Phe Gin Ala 
20 25 30 

Thr Thr Leu Arg Glu Leu Phe Lys Glu Glu Asn Arg Ala Glu Lys Tyr 
35 40 45 

Thr Phe Ser Ala Ala Gly Leu His Val Asp Leu Ser Lys Asn Leu Leu 
50 55 60 

Asp Asp Ala Thr Leu Thr Lys Leu Leu Ala Leu Thr Glu Glu Ser Gly 
65 70 75 80 

Leu Arg Glu Arg lie Asp Ala Met Phe Ala Gly Glu His Leu Asn Asn 
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Thr Glu Asp Arg Ala Val Leu His Thr Ala Leu Arg Leu Pro Ala Glu 
100 105 110 

Ala Asp Leu Ser Val Asp Gly Gin Asp Val Ala Ala Asp Val His Glu 
5 115 120 125 

Val Leu Gly Arg Met Arg Asp Phe Ala Thr Ala Leu Arg Ser Gly Asn 
130 135 140 

10 Trp Leu Gly His Thr Gly His Thr lie Lys Lys lie Val Asn lie Gly 
145 150 155 160 

lie Gly Gly Ser Asp Leu Gly Pro Ala Met Ala Thr Lys Ala Leu Arg 
165 170 175 

15 

Ala Tyr Ala Thr Ala Gly lie Ser Ala Glu Phe Val Ser Asn Val Asp 
180 185 190 

Pro Ala Asp Leu Val Ser Val Leu Glu Asp Leu Asp Ala Glu Ser Thr 
20 195 200 205 

Leu Phe Val lie Ala Ser Lys Thr Phe Thr Thr Gin Glu Thr Leu Ser 
210 215 220 

2 5 Asn Ala Arg Ala Ala Arg Ala Trp Leu Val Glu Lys Leu Gly Glu Glu 
225 230 235 240 

Ala Val Ala Lys His Phe Val Ala Val Ser Thr Asn Ala Glu Lys Val 
245 250 255 

30 

Ala Glu Phe Gly lie Asp Thr Asp Asn Met Phe Gly Phe Trp Asp Trp 
260 265 270 

Val Gly Gly Arg Tyr Ser Val Asp Ser Ala Val Gly Leu Ser Leu Met 
35 275 280 285 

Ala Val lie Gly Pro Arg Asp Phe Met Arg Phe Leu Gly Gly Phe His 
290 295 300 

40 Ala Met Asp Glu His Phe Arg Thr Thr Lys Phe Glu Glu Asn Val Pro 
305 310 315 320 

lie Leu Met Ala Leu Leu Gly Val Trp Tyr Ser Asp Phe Tyr Gly Ala 
325 330 335 

45 

Glu Thr His Ala Val Leu Pro Tyr Ser Glu Asp Leu Ser Arg Phe Ala 
340 345 350 

Ala Tyr Leu Gin Gin Leu Thr Met Glu Thr Asn Gly Lys Ser Val His 
50 355 360 365 

Arg Asp Gly Ser Pro Val Ser Thr Gly Thr Gly Glu lie Tyr Trp Gly 
370 375 380 

55 Glu Pro Gly Thr Asn Gly Gin His Ala Phe Phe Gin Leu lie His Gin 
385 390 395 400 

Gly Thr Arg Leu Val Pro Ala Asp Phe lie Gly Phe Ala Arg Pro Lys 
405 410 415 
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Gin Asp Leu Pro Ala Gly Glu Arg Thr Met His Asp Leu Leu Met Ser 
420 425 430 

5 Asn Phe Phe Ala Gin Thr Lys Val Leu Ala Phe Gly Lys Asn Ala Glu 
435 440 445 

Glu lie Ala Ala Glu Gly Val Ala Pro Glu Leu Val Asn His Lys Val 
450 455 460 

10 

Val Pro Gly Asn Arg Pro Thr Thr Thr He Leu Ala Glu Glu Leu Thr 
465 470 475 480 

Pro Ser He Leu Gly Ala Leu He Ala Leu Tyr Glu His Thr Val Met 
15 485 490 495 

Val Gin Gly Val He Trp Asp He Asn Ser Phe Asp Gin Trp Gly Val 
500 505 510 

2 0 Glu Leu Gly Lys Gin Gin Ala Asn Asp Leu Ala Pro Ala Val Ser Gly 
515 520 525 

Glu Glu Asp Val Asp Ser Gly Asp Ser Ser Thr Asp Ser Leu He Lys 
530 535 540 

25 

Trp Tyr Arg Ala Asn Arg 
545 550 



30 

<210> 3 
<211> 462 
<212> DNA 

<213> Corynebacterium glutamicum 

35 

<400> 3 

atggagacca atggcaagtc agtccaccgc gacggctccc ctgtttccac tggcactggc 60 
gaaatttact ggggtgagcc tggcacaaat ggccagcacg ctttcttcca gctgatccac 12 0 
cagggcactc gccttgttcc agctgatttc attggtttcg ctcgtccaaa gcaggatctt 180 
40 cctgccggtg agcgcaccat gcatgacctt ttgatgagca acttcttcgc acagaccaag 240 
gttttggctt tcggtaagaa cgctgaagag atcgctgcgg aaggtgtcgc acctgagctg 3 00 
gtcaaccaca aggtcgtgcc aggtaatcgc ccaaccacca ccattttggc ggaggaactt 360 
accccttcta ttctcggtgc gttgatcgct ttgtacgaac acaccgtgat ggttcagggc 420 
gtgatttggg acatcaactc cttcgaccaa tggggcgtgg aa 462 

45 

<210> 4 
<211> 2160 
<212> DNA 

50 <213> Corynebacterium glutamicum 

<220> 
<221> CDS 

<222> (327) . . (2063) 
55 <223> poxB 



<400> 4 

ttagaggcga ttctgtgagg tcactttttg tggggtcggg gtctaaattt ggccagtttt 60 
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cgaggcgacc agacaggcgt gcccacgatg tttaaatagg cgatcggtgg gcatctgtgt 12 0 
ttggtttcga cgggctgaaa ccaaaccaga ctgcccagca acgacggaaa tcccaaaagt 180 
gggcatccct gtttggtacc gagtacccac ccgggcctga aactccctgg caggcgggcg 240 
aagcgtggca acaactggaa tttaagagca caattgaagt cgcaccaagt taggcaacac 3 00 

aatagccata acgttgagga gttcag atg gca cac age tac gca gaa caa tta 3 53 

Met Ala His Ser Tyr Ala Glu Gin Leu 



att gac act ttg gaa get caa ggt gtg aag cga att tat ggt ttg gtg 
He Asp Thr Leu Glu Ala Gin Gly Val Lys Arg He Tyr Gly Leu Val 



ggt gac age ctt aat ccg ate gtg gat get gte cgc caa tea gat att 
Gly Asp Ser Leu Asn Pro lie Val Asp Ala Val Arg Gin Ser Asp He 



gag tgg gtg cac gtt cga aat gag gaa gcg gcg gcg ttt gca gcc ggt 
Glu Trp Val His Val Arg Asn Glu Glu Ala Ala Ala Phe Ala Ala Gly 



gcg gaa teg ttg ate act ggg gag ctg gca gta tgt get get tct tgt 
Ala Glu Ser Leu He Thr Gly Glu Leu Ala Val Cys Ala Ala Ser Cys 



ggt cet gga aae aca cac ctg att eag ggt ctt tat gat teg cat cga 
Gly Pro Gly Asn Thr His Leu He Gin Gly Leu Tyr Asp Ser His Arg 
75 80 85 

aat ggt gcg aag gtg ttg gee ate get age eat att ccg agt gee cag 
Asn Gly Ala Lys Val Leu Ala He Ala Ser His He Pro Ser Ala Gin 
90 95 100 105 

att ggt teg acg ttc ttc cag gaa acg cat ccg gag att ttg ttt aag 
He Gly Ser Thr Phe Phe Gin Glu Thr His Pro Glu He Leu Phe Lys 
110 115 120 

gaa tgc tct ggt tac tgc gag atg gtg aat ggt ggt gag cag ggt gaa 
Glu Cys Ser Gly Tyr Cys Glu Met Val Asn Gly Gly Glu Gin Gly Glu 
125 130 135 

cgc att ttg cat cac gcg att eag tee ace atg gcg ggt aaa ggt gtg 
Arg He Leu His His Ala He Gin Ser Thr Met Ala Gly Lys Gly Val 
140 145 150 

teg gtg gta gtg att cet ggt gat ate get aag gaa gac gea ggt gac 
Ser Val Val Val He Pro Gly Asp He Ala Lys Glu Asp Ala Gly Asp 
155 160 165 

ggt act tat tec aat tec act att tct tct gge act cet gtg gtg ttc 
Gly Thr Tyr Ser Asn Ser Thr He Ser Ser Gly Thr Pro Val Val Phe 
170 175 180 185 

ccg gat cet act gag get gca gcg ctg gtg gag gcg att aae aae get 
Pro Asp Pro Thr Glu Ala Ala Ala Leu Val Glu Ala He Asn Asn Ala 
190 195 200 
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aag tct gtc act ttg ttc tgc ggt gcg ggc gtg aag aat get cgc gcg 
Lys Ser Val Thr Leu Phe Cys Gly Ala Gly Val Lys Asn Ala Arg Ala 
205 210 215 

cag gtg ttg gag ttg gcg gag aag att aaa tea ccg ate ggg cat gcg 

Gin Val Leu Glu Leu Ala Glu Lys lie Lys Ser Pro lie Gly His Ala 
220 225 230 

Gtg ggt ggt aag cag tac ate eag cat gag aat ccg ttt gag gtc ggc 
Leu Gly Gly Lys Gin Tyr lie Gin His Glu Asn Pro Phe Glu Val Gly 
235 240 245 

atg tct ggc ctg ctt ggt tac ggc gee tgc gtg gat gcg tec aat gag 
Met Ser Gly Leu Leu Gly Tyr Gly Ala Cys Val Asp Ala Ser Asn Glu 
250 255 260 265 

gcg gat ctg ctg att eta ttg ggt acg gat ttc cct tat tct gat ttc 
Ala Asp Leu Leu lie Leu Leu Gly Thr Asp Phe Pro Tyr Ser Asp Phe 
270 275 280 

ctt cct aaa gac aac gtt gee cag gtg gat ate aac ggt gcg cac att 
Leu Pro Lys Asp Asn Val Ala Gin Val Asp lie Asn Gly Ala His lie 
285 290 295 

ggt cga cgt ace acg gtg aag tat ccg gtg ace ggt gat gtt get gea 
Gly Arg Arg Thr Thr Val Lys Tyr Pro Val Thr Gly Asp Val Ala Ala 
300 305 310 

aca ate gaa aat att ttg cct cat gtg aag gaa aaa aca gat cgt tec 
Thr lie Glu Asn lie Leu Pro His Val Lys Glu Lys Thr Asp Arg Ser 
315 320 325 

ttc Ctt gat egg atg etc aag gca cac gag cgt aag ttg age teg gtg 
Phe Leu Asp Arg Met Leu Lys Ala His Glu Arg Lys Leu Ser Ser Val 
330 335 340 345 

gta gag acg tac aca cat aac gtc gag aag cat gtg cct att cac cct 
Val Glu Thr Tyr Thr His Asn Val Glu Lys His Val Pro lie His Pro 
350 355 360 

gaa tac gtt gcc tct att ttg aac gag ctg gcg gat aag gat gcg gtg 
Glu Tyr Val Ala Ser lie Leu Asn Glu Leu Ala Asp Lys Asp Ala Val 
365 370 375 

ttt act gtg gat acc ggc atg tgc aat gtg tgg eat gcg agg tac ate 
Phe Thr Val Asp Thr Gly Met Cys Asn Val Trp His Ala Arg Tyr lie 
380 385 390 

gag aat ccg gag gga acg cgc gac ttt gtg ggt tea ttc cgc cac ggc 
Glu Asn Pro Glu Gly Thr Arg Asp Phe Val Gly Ser Phe Arg His Gly 
395 400 405 

acg atg get aat gcg ttg cct cat gcg att ggt gcg caa agt gtt gat 
Thr Met Ala Asn Ala Leu Pro His Ala lie Gly Ala Gin Ser Val Asp 
410 415 420 425 
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cga aac cgc cag gtg ate gcg atg tgt ggc gat ggt ggt ttg ggc atg 1649 
Arg Asn Arg Gin Val lie Ala Met Cys Gly Asp Gly Gly Leu Gly Met 
430 435 440 

ctg ctg ggt gag ctt ctg acc gtt aag ctg cac caa ctt ccg ctg aag 1697 
Leu Leu Gly Glu Leu Leu Thr Val Lys Leu His Gin Leu Pro Leu Lys 
445 450 455 

get gtg gtg ttt aac aac agt tct ttg ggc atg gtg aag ttg gag atg 1745 
Ala Val Val Phe Asn Asn Ser Ser Leu Gly Met Val Lys Leu Glu Met 
460 465 470 

etc gtg gag gga cag cca gaa ttt ggt act gac cat gag gaa gtg aat 1793 
Leu Val Glu Gly Gin Pro Glu Phe Gly Thr Asp His Glu Glu Val Asn 
475 480 485 

ttc gca gag att gcg gcg get gcg ggt ate aaa teg gta cgc ate acc 1841 
Phe Ala Glu lie Ala Ala Ala Ala Gly lie Lys Ser Val Arg lie Thr 
490 495 500 505 

gat ccg aag aaa gtt cgc gag cag eta get gag gca ttg gca tat cct 1889 
Asp Pro Lys Lys Val Arg Glu Gin Leu Ala Glu Ala Leu Ala Tyr Pro 
510 515 520 

gga cct gta ctg ate gat ate gtc acg gat cct aat gcg ctg teg ate 1937 
Gly Pro Val Leu lie Asp lie Val Thr Asp Pro Asn Ala Leu Ser lie 
525 530 535 

cca cca acc ate acg tgg gaa cag gtc atg gga ttc age aag gcg gee 1985 
Pro Pro Thr lie Thr Trp Glu Gin Val Met Gly Phe Ser Lys Ala Ala 
540 545 550 

acc cga acc gtc ttt ggt gga gga gta gga gcg atg ate gat ctg gee 2 033 
Thr Arg Thr Val Phe Gly Gly Gly Val Gly Ala Met He Asp Leu Ala 
555 560 565 

cgt teg aac ata agg aat att cct act cca tgatgattga tacacctget 2083 
Arg Ser Asn He Arg Asn He Pro Thr Pro 
570 575 

gttctcattg accgcgagcg cttaactgec aacatttcea ggatggcagc tcaegecggt 2143 
geccatgaga ttgccct 2160 



<210> 5 
<211> 579 
<212> PRT 

<213> Corynebacterium glutamicum 
<400> 5 

Met Ala His Ser Tyr Ala Glu Gin Leu He Asp Thr Leu Glu Ala Gin 
15 10 15 

Gly Val Lys Arg He Tyr Gly Leu Val Gly Asp Ser Leu Asn Pro He 



Val Asp Ala Val Arg Gin Ser Asp He Glu Trp Val His Val Arg Asn 
35 40 45 
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Glu Glu Ala Ala Ala Phe Ala Ala Gly Ala Glu Ser Leu lie Thr Gly 
50 55 60 

5 Glu Leu Ala Val Cys Ala Ala Ser Cys Gly Pro Gly Asn Thr His Leu 
65 70 75 80 

lie Gin Gly Leu Tyr Asp Ser His Arg Asn Gly Ala Lys Val Leu Ala 
85 90 95 

10 

lie Ala Ser His lie Pro Ser Ala Gin lie Gly Ser Thr Phe Phe Gin 
100 105 110 

Glu Thr His Pro Glu lie Leu Phe Lys Glu Cys Ser Gly Tyr Cys Glu 

15 115 120 125 

Met Val Asn Gly Gly Glu Gin Gly Glu Arg lie Leu His His Ala lie 
130 135 140 

2 0 Gin Ser Thr Met Ala Gly Lys Gly Val Ser Val Val Val lie Pro Gly 
145 150 155 160 

Asp lie Ala Lys Glu Asp Ala Gly Asp Gly Thr Tyr Ser Asn Ser Thr 
165 170 175 

25 

He Ser Ser Gly Thr Pro Val Val Phe Pro Asp Pro Thr Glu Ala Ala 
180 185 190 

Ala Leu Val Glu Ala He Asn Asn Ala Lys Ser Val Thr Leu Phe Cys 
30 195 200 205 

Gly Ala Gly Val Lys Asn Ala Arg Ala Gin Val Leu Glu Leu Ala Glu 
210 215 220 

35 Lys He Lys Ser Pro He Gly His Ala Leu Gly Gly Lys Gin Tyr He 

225 230 235 240 

Gin His Glu Asn Pro Phe Glu Val Gly Met Ser Gly Leu Leu Gly Tyr 
245 250 255 

40 

Gly Ala Cys Val Asp Ala Ser Asn Glu Ala Asp Leu Leu He Leu Leu 
260 265 270 

Gly Thr Asp Phe Pro Tyr Ser Asp Phe Leu Pro Lys Asp Asn Val Ala 
45 275 280 285 

Gin Val Asp He Asn Gly Ala His He Gly Arg Arg Thr Thr Val Lys 
290 295 300 

50 Tyr Pro Val Thr Gly Asp Val Ala Ala Thr He Glu Asn He Leu Pro 
305 310 315 320 

His Val Lys Glu Lys Thr Asp Arg Ser Phe Leu Asp Arg Met Leu Lys 
325 330 335 

55 

Ala His Glu Arg Lys Leu Ser Ser Val Val Glu Thr Tyr Thr His Asn 
340 345 350 
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Val Glu Lys His Val Pro He His Pro Glu Tyr Val Ala Ser He Leu 
355 360 365 

Asn Glu Leu Ala Asp Lys Asp Ala Val Phe Thr Val Asp Thr Gly Met 
370 375 380 

Cys Asn Val Trp His Ala Arg Tyr He Glu Asn Pro Glu Gly Thr Arg 
385 390 395 400 

Asp Phe Val Gly Ser Phe Arg His Gly Thr Met Ala Asn Ala Leu Pro 
405 410 415 

His Ala He Gly Ala Gin Ser Val Asp Arg Asn Arg Gin Val He Ala 
420 425 430 

Met Cys Gly Asp Gly Gly Leu Gly Met Leu Leu Gly Glu Leu Leu Thr 
435 440 445 

Val Lys Leu His Gin Leu Pro Leu Lys Ala Val Val Phe Asn Asn Ser 
450 455 460 

Ser Leu Gly Met Val Lys Leu Glu Met Leu Val Glu Gly Gin Pro Glu 
465 470 475 480 

Phe Gly Thr Asp His Glu Glu Val Asn Phe Ala Glu He Ala Ala Ala 
485 490 495 

Ala Gly He Lys Ser Val Arg He Thr Asp Pro Lys Lys Val Arg Glu 
500 505 510 

Gin Leu Ala Glu Ala Leu Ala Tyr Pro Gly Pro Val Leu He Asp He 
515 520 525 

Val Thr Asp Pro Asn Ala Leu Ser He Pro Pro Thr He Thr Trp Glu 
530 535 540 

Gin Val Met Gly Phe Ser Lys Ala Ala Thr Arg Thr Val Phe Gly Gly 
545 550 555 560 

Gly Val Gly Ala Met He Asp Leu Ala Arg Ser Asn He Arg Asn He 
565 570 575 

Pro Thr Pro 



<210> 6 
<211> 875 
<212> DNA 

<213> Corynebacterium glutamicum 
<400> 6 

tgcgagatgg tgaatggtgg tgagcagggt 
accatggcgg gtaaaggtgt gtcggtggta 
gcaggtgacg gtacttattc caattccact 
gatcctactg aggctgcagc gctggtggag 
ttctgcggtg cgggcgtgaa gaatgctcgc 
aaatcaccga tcgggcatgc gctgggtggt 



gaacgcattt tgcatcacgc gattcagtcc 60 
gtgattcctg gtgatatcgc taaggaagac 120 
atttcttctg gcactcctgt ggtgttcccg 180 
gcgattaaca acgctaagtc tgtcactttg 240 
gcgcaggtgt tggagttggc ggagaagatt 3 00 
aagcagtaca tccagcatga gaatccgttt 360 
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gaggtcggca tgtctggcct gcttggttac ggcgcctgcg tggatgcgtc caatgaggcg 42 0 
gatctgctga ttctattggg tacggatttc ccttattctg atttccttcc taaagacaac 480 
gttgcccagg tggatatcaa cggtgcgcac attggtcgac gtaccacggt gaagtatccg 54 0 
gtgaccggtg atgttgctgc aacaatcgaa aatattttgc ctcatgtgaa ggaaaaaaca 600 
5 gatcgttcct tccttgatcg gatgctcaag gcacacgagc gtaagttgag ctcggtggta 660 
gagacgtaca cacataacgt cgagaagcat gtgcctattc accctgaata cgttgcctct 720 
attttgaacg agctggcgga taaggatgcg gtgtttactg tggataccgg catgtgcaat 7 80 
gtgtggcatg cgaggtacat cgagaatccg gagggaacgc gcgactttgt gggttcattc 840 
cgccacggca cgatggctaa tgcgttgcct catgc 875 

10 

<210> 7 
<211> 2260 
<212> DNA 

15 <213> Brevibacterium flavum MJ-233 

<220> 
<221> CDS 

<222> (629) . . (2080) 
20 <223> Glucose -6 -Phosphate Dehydrogenase (EC 1.1.1.49); 
JP-A-09-22461 



<400> 7 





25 


gatccgatga 


ggctttggct 


ctgcgtggca 


aggcaggcgt 


tgccaacgct 


cagcgcgctt 


60 




acgctgtgta 


caaggagctt 


ttcgacgccg 


ccgagctgcc 


tgtaaggcgc 


caacactcag 


120 


ftl 




cgcccactgt 


gggcatccac 


cggcgtgaag 


aaccctgcgt 


acgctgcaac 


tctttacgtt 


180 




30 


tccgagctgg 


ctggtccaaa 


caccgtcaac 


accatgccag 


aaggcaccat 


cgacgctgtt 


240 


m 




ctggaactgg 


gcaacctgca 


cggtgacaac 


ctgtccaact 


ccgcggcaga 


agctgacgct 


300 


35 


gtgttctccc 


agcttgaggc 


tctgggcgtt 


gacttggcag 


atgtcttcca 


ggtcctggag 


360 




accgaggccg 


tggacaagtt 


cgttgcttct 


tggagcgaac 


tgcttgagtc 


catggaagct 


420 






cgcctgaagt 


agaatcagca 


cgctgcatca 


gtaacggcga 


catgaaatcg 


aattagttcg 


480 




40 


atcttatgtg 


gccgttacac 


atctttcatt 


aaagaaagga 


tcgtgacgct 


taccatcgtg 


540 






agcacaaaac 


acgaccccct 


ccagctggac 


aaacccactg 


cgcgacccgc 


aggataaacg 


600 




45 


actcccccgc 


atcgctggcc 


cttccggc atg gtg ate ttc ggt gtc 
Met Val lie Phe Gly Val 
1 5 


act ggc 
Thr Gly 


652 



gac ttg get cga aag aag ctg etc ccc gee att tat gat eta gca aac 700 
Asp Leu Ala Arg Lys Lys Leu Leu Pro Ala lie Tyr Asp Leu Ala Asn 
50 10 15 20 



cgc gga ttg ctg ccc oca gga ttc teg ttg gta ggt tac ggc cgc cgc 748 

Arg Gly Leu Leu Pro Pro Gly Phe Ser Leu Val Gly Tyr Gly Arg Arg 

25 30 35 40 

55 

gaa tgg tec aaa gaa gac ttt gaa aaa tac gta cgc gat gcc gca agt 796 

Glu Trp Ser Lys Glu Asp Phe Glu Lys Tyr Val Arg Asp Ala Ala Ser 

45 50 55 
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get ggt get cgt acg gaa ttc cgt gaa aat gtt tgg gag cgc etc gee 844 
Ala Gly Ala Arg Thr Glu Phe Arg Glu Asn Val Trp Glu Arg Leu Ala 
60 65 70 

5 gag ggt atg gaa ttt gtt cgc ggc aac ttt gat gat gat gca get ttc 892 
Glu Gly Met Glu Phe Val Arg Gly Asn Phe Asp Asp Asp Ala Ala Phe 
75 80 85 

gac aac etc get gca aca etc aag cgc ate gae aaa ace cgc ggc ace 940 
10 Asp Asn Leu Ala Ala Thr Leu Lys Arg lie Asp Lys Thr Arg Gly Thr 
90 95 100 

gee gge aac tgg get tac tac ctg tec att cea eca gat tec ttc gca 988 
Ala Gly Asn Trp Ala Tyr Tyr Leu Ser lie Pro Pro Asp Ser Phe Ala 
15 105 110 115 120 

gcg gte tgc cac cag ctg gag cgt tec gge atg get gaa tec ace gaa 103 6 

Ala Val Cys His Gin Leu Glu Arg Ser Gly Met Ala Glu Ser Thr Glu 

125 130 135 

20 

gaa gca tgg cgc cgc gtg ate ate gag aag cct ttc ggc cac aac etc 1084 

Glu Ala Trp Arg Arg Val lie lie Glu Lys Pro Phe Gly His Asn Leu 

140 145 150 

2 5 gaa tee gca cac gag etc aae cag ctg gtc aac gca gtc ttc cca gaa 1132 

Glu Ser Ala His Glu Leu Asn Gin Leu Val Asn Ala Val Phe Pro Glu 
155 160 165 

tct tet gtg ttc cgc ate gac cac tat ttg gge aag gaa aca gtt caa 1180 

3 0 Ser Ser Val Phe Arg lie Asp His Tyr Leu Gly Lys Glu Thr Val Gin 

170 175 180 

aac ate ctg get ctg cgt ttt get aae cag ctg ttt gag cca ctg tgg 122 8 
Asn He Leu Ala Leu Arg Phe Ala Asn Gin Leu Phe Glu Pro Leu Trp 
35 185 190 195 200 

aac tec aac tac gtt gac cac gtc cag ate ace atg get gaa gat att 1276 
Asn Ser Asn Tyr Val Asp His Val Gin He Thr Met Ala Glu Asp He 
205 210 215 

40 

ggc ttg ggt gga cgt get ggt tac tac gac gge ate ggc gca gee cgc 1324 
Gly Leu Gly Gly Arg Ala Gly Tyr Tyr Asp Gly He Gly Ala Ala Arg 
220 225 230 

4 5 gac gtc ate cag aac cac ctg ate cag etc ttg get ctg gtt gee atg 1372 

Asp Val He Gin Asn His Leu He Gin Leu Leu Ala Leu Val Ala Met 
235 240 245 

gaa gaa cca att tct ttc gtg cca gcg cag ctg cag gea gaa aag ate 1420 
50 Glu Glu Pro He Ser Phe Val Pro Ala Gin Leu Gin Ala Glu Lys He 
250 255 260 

aag gtg etc tct gcg aca aag ccg tgc tac cca ttg gat aaa acc tec 1468 
Lys Val Leu Ser Ala Thr Lys Pro Cys Tyr Pro Leu Asp Lys Thr Ser 
55 265 270 275 280 

get cgt ggt cag tac get gcc ggt tgg cag ggc tet gag tta gtc aag 1516 
Ala Arg Gly Gin Tyr Ala Ala Gly Trp Gin Gly Ser Glu Leu Val Lys 
285 290 295 
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gga ctt cgc gaa gaa gat ggc ttc aac cct gag tec acc act gag act 1564 
Gly Leu Arg Glu Glu Asp Gly Phe Asn Pro Glu Ser Thr Thr Glu Thr 
300 305 310 

ttt gcg get tgt acc tta gag ate acg tct cgt cgc tgg get ggt gtg 1612 

Phe Ala Ala Cys Thr Leu Glu lie Thr Ser Arg Arg Trp Ala Gly Val 
315 320 325 

ccg ttc tac ctg cgc acc ggt aag cgt ctt ggt cgc cgt gtt act gag 1660 
Pro Phe Tyr Leu Arg Thr Gly Lys Arg Leu Gly Arg Arg Val Thr Glu 
330 335 340 

att gcc gtg gtg ttt aaa gac gca cea eac cag cct ttc gae ggc gae 1708 
lie Ala Val Val Phe Lys Asp Ala Pro His Gin Pro Phe Asp Gly Asp 
345 350 355 360 

atg act gta tec ctt ggc caa aac gcc ate gtg att cgc gtg cag cct 1756 
Met Thr Val Ser Leu Gly Gin Asn Ala lie Val lie Arg Val Gin Pro 

365 370 375 

gat gaa ggt gtg etc ate cgc ttc ggt tec aag gtt eca ggt tct gee 1804 
Asp Glu Gly Val Leu lie Arg Phe Gly Ser Lys Val Pro Gly Ser Ala 
380 385 390 

atg gaa gtc cgt gac gtc aac atg gac ttc tec tac tea gaa tec ttc 1852 
Met Glu Val Arg Asp Val Asn Met Asp Phe Ser Tyr Ser Glu Ser Phe 
395 400 405 

act gaa gaa tea cct gaa gca tac gag cgc ctt ate ttg gat gcg ctg 190 0 
Thr Glu Glu Ser Pro Glu Ala Tyr Glu Arg Leu lie Leu Asp Ala Leu 
410 415 420 

ttg gat gaa tec age ctt ttc cct acc aac gag gaa gtg gaa ctg age 1948 
Leu Asp Glu Ser Ser Leu Phe Pro Thr Asn Glu Glu Val Glu Leu Ser 
425 430 435 440 

tgg aag att ctg gat cea att ctt gaa gca tgg gat gee gat gga gaa 1996 
Trp Lys lie Leu Asp Pro lie Leu Glu Ala Trp Asp Ala Asp Gly Glu 
445 450 455 

cea gag gat tac eca gca ggt acg tgg ggt cea aag age get gat gaa 2 044 
Pro Glu Asp Tyr Pro Ala Gly Thr Trp Gly Pro Lys Ser Ala Asp Glu 
460 465 470 

atg ctt tec cgc aac ggt eac acc tgg cgc agg cea taatttaggg 2090 
Met Leu Ser Arg Asn Gly His Thr Trp Arg Arg Pro 
475 480 

gcaaaaaatg atctttgaac ttccggatac caccacecag caaatttcca agaccctaac 2150 

tcgactgcgt gaatcgggca cecaggtcac caceggcega gtgcteaeec tcatcgtggt 2210 

cactgactec gaaagcgatg tcgetgeagt taccgagtec aceaatgaag 2260 



<210> 8 
<211> 484 
<212> PRT 
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<213> Brevibacterium flavum MJ-233 
<400> 8 

Met Val lie Phe Gly Val Thr Gly Asp Leu Ala Arg Lys Lys Leu Leu 
5 1 5 10 15 

Pro Ala lie Tyr Asp Leu Ala Asn Arg Gly Leu Leu Pro Pro Gly Phe 
20 25 30 

10 Ser Leu Val Gly Tyr Gly Arg Arg Glu Trp Ser Lys Glu Asp Phe Glu 
35 40 45 

Lys Tyr Val Arg Asp Ala Ala Ser Ala Gly Ala Arg Thr Glu Phe Arg 
50 55 60 

15 

Glu Asn Val Trp Glu Arg Leu Ala Glu Gly Met Glu Phe Val Arg Gly 
65 70 75 80 

Asn Phe Asp Asp Asp Ala Ala Phe Asp Asn Leu Ala Ala Thr Leu Lys 
20 85 90 95 

Arg lie Asp Lys Thr Arg Gly Thr Ala Gly Asn Trp Ala Tyr Tyr Leu 
100 105 110 

25 Ser lie Pro Pro Asp Ser Phe Ala Ala Val Cys His Gin Leu Glu Arg 
115 120 125 

Ser Gly Met Ala Glu Ser Thr Glu Glu Ala Trp Arg Arg Val lie lie 
130 135 140 

30 

Glu Lys Pro Phe Gly His Asn Leu Glu Ser Ala His Glu Leu Asn Gin 
145 150 155 160 

Leu Val Asn Ala Val Phe Pro Glu Ser Ser Val Phe Arg lie Asp His 
35 165 170 175 

Tyr Leu Gly Lys Glu Thr Val Gin Asn lie Leu Ala Leu Arg Phe Ala 
180 185 190 

40 Asn Gin Leu Phe Glu Pro Leu Trp Asn Ser Asn Tyr Val Asp His Val 
195 200 205 

Gin He Thr Met Ala Glu Asp He Gly Leu Gly Gly Arg Ala Gly Tyr 
210 215 220 

45 

Tyr Asp Gly He Gly Ala Ala Arg Asp Val He Gin Asn His Leu He 
225 230 235 240 

Gin Leu Leu Ala Leu Val Ala Met Glu Glu Pro He Ser Phe Val Pro 
50 245 250 255 

Ala Gin Leu Gin Ala Glu Lys He Lys Val Leu Ser Ala Thr Lys Pro 
260 265 270 

55 Cys Tyr Pro Leu Asp Lys Thr Ser Ala Arg Gly Gin Tyr Ala Ala Gly 
275 280 285 

Trp Gin Gly Ser Glu Leu Val Lys Gly Leu Arg Glu Glu Asp Gly Phe 
290 295 300 
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Asn Pro Glu Ser Thr Thr Glu Thr Phe Ala Ala Cys Thr Leu Glu lie 
305 310 315 320 

5 Thr Ser Arg Arg Trp Ala Gly Val Pro Phe Tyr Leu Arg Thr Gly Lys 
325 330 , 335 

Arg Leu Gly Arg Arg Val Thr Glu lie Ala Val Val Phe Lys Asp Ala 
340 345 350 

10 

Pro His Gin Pro Phe Asp Gly Asp Met Thr Val Ser Leu Gly Gin Asn 
355 360 365 

Ala lie Val lie Arg Val Gin Pro Asp Glu Gly Val Leu lie Arg Phe 
15 370 375 380 

Gly Ser Lys Val Pro Gly Ser Ala Met Glu Val Arg Asp Val Asn Met 
385 390 395 400 

2 0 Asp Phe Ser Tyr Ser Glu Ser Phe Thr Glu Glu Ser Pro Glu Ala Tyr 
405 410 415 

Glu Arg Leu lie Leu Asp Ala Leu Leu Asp Glu Ser Ser Leu Phe Pro 
420 425 430 

25 

Thr Asn Glu Glu Val Glu Leu Ser Trp Lys lie Leu Asp Pro lie Leu 
435 440 445 

Glu Ala Trp Asp Ala Asp Gly Glu Pro Glu Asp Tyr Pro Ala Gly Thr 
30 450 455 460 

Trp Gly Pro Lys Ser Ala Asp Glu Met Leu Ser Arg Asn Gly His Thr 
465 470 475 480 

35 Trp Arg Arg Pro 



<210> 9 




<211> 2259 




<212> DNA 




<213> Corynebacterium 


glutamicum 


<220> 




<221> CDS 




<222> (538) . . (2079) 




<223> Zwf-Protein 




<400> 9 




gatccgatga ggctttggct 


ctgcgtggca 


acgctgtgta caaggagctt 


ttcgacgccg 


cgcccactgt gggcatccac 


cggcgtgaag 


tccgagctgg ctggtccaaa 


caccgtcaac 


ctggaactgg gcaacctgca 


cggtgacaac 



aggcaggcgt tgccaacgct cagcgcgctt 60 
ccgagctgcc tgtaaggcgc caacactcag 120 
aaccctgcgt acgctgcaac tctttacgtt 180 
accatgccag aaggcaccat cgacgctgtt 240 
ctgtccaact ccgcggcaga agctgacgct 300 
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gtgttctccc agcttgaggc tctgggcgtt gacttggcag atgtcttcca ggtcctggag 360 

accgaggccg tggacaagtt cgttgcttct tggagcgaac tgcttgagtc catggaagct 420 

cgcctgaagt agaatcagca cgctgcatca gtaacggcga catgaaatcg aattagttcg 480 

atcttatgtg gccgttacac atctttcatt aaagaaagga tcgtgacgct taccatc 537 

gtg age aca aac acg acc ccc tec age tgg aca aac cca ctg cgc gac 585 
Met Ser Thr Asn Thr Thr Pro Ser Ser Trp Thr Asn Pro Leu Arg Asp 



ccg cag gat aaa cga etc ccc cgc ate get gge cct tec ggc atg gtg 
Pro Gin Asp Lys Arg Leu Pro Arg lie Ala Gly Pro Ser Gly Met Val 



ate ttc ggt gtc act ggc gac ttg get cga aag aag ctg etc ccc gcc 
lie Phe Gly Val Thr Gly Asp Leu Ala Arg Lys Lys Leu Leu Pro Ala 



att tat gat eta gca aac cgc gga ttg ctg ccc cca gga ttc teg ttg 
lie Tyr Asp Leu Ala Asn Arg Gly Leu Leu Pro Pro Gly Phe Ser Leu 



gta ggt tac gge cgc cgc gaa tgg tec aaa gaa gac ttt gaa aaa tac 
Val Gly Tyr Gly Arg Arg Glu Trp Ser Lys Glu Asp Phe Glu Lys Tyr 



gta cgc gat gee gca agt get ggt get cgt acg gaa ttc egt gaa aat 
Val Arg Asp Ala Ala Ser Ala Gly Ala Arg Thr Glu Phe Arg Glu Asn 



gtt tgg gag cgc etc gcc gag ggt atg gaa ttt gtt cgc ggc aac ttt 

Val Trp Glu Arg Leu Ala Glu Gly Met Glu Phe Val Arg Gly Asn Phe 
100 105 110 

gat gat gat gca get ttc gac aac etc get gca aca etc aag cgc ate 
Asp Asp Asp Ala Ala Phe Asp Asn Leu Ala Ala Thr Leu Lys Arg lie 
115 120 125 

gac aaa acc cgc ggc acc gee ggc aac tgg get tac tac ctg tee att 
Asp Lys Thr Arg Gly Thr Ala Gly Asn Trp Ala Tyr Tyr Leu Ser lie 
130 135 140 

cca cca gat tec ttc gea geg gtc tgc cac cag ctg gag egt tec ggc 
Pro Pro Asp Ser Phe Ala Ala Val Cys His Gin Leu Glu Arg Ser Gly 
145 150 155 160 

atg get gaa tec acc gaa gaa gca tgg cgc cgc gtg ate ate gag aag 
Met Ala Glu Ser Thr Glu Glu Ala Trp Arg Arg Val lie lie Glu Lys 
165 170 175 

ect tte ggc cac aac etc gaa tec gca eae gag etc aac cag ctg gtc 
Pro Phe Gly His Asn Leu Glu Ser Ala His Glu Leu Asn Gin Leu Val 
180 185 190 
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aac gca gtc ttc cca gaa tct tct gtg ttc cgc ate gac cac tat ttg 
Asn Ala Val Phe Pro Glu Ser Ser Val Phe Arg lie Asp His Tyr Leu 
195 200 205 

ggc aag gaa aca gtt caa aac ate ctg get etg egt ttt get aac cag 
Gly Lys Glu Thr Val Gin Asn lie Leu Ala Leu Arg Phe Ala Asn Gin 
210 215 220 

ctg ttt gag cca ctg tgg aac tec aac tac gtt gac cac gtc cag ate 
Leu Phe Glu Pro Leu Trp Asn Ser Asn Tyr Val Asp His Val Gin lie 
225 230 235 240 

acc atg get gaa gat att ggc ttg ggt gga cgt get ggt tac tac gac 
Thr Met Ala Glu Asp lie Gly Leu Gly Gly Arg Ala Gly Tyr Tyr Asp 
245 250 255 

ggc ate ggc gca gee cgc gac gtc ate cag aac cac ctg ate cag etc 
Gly lie Gly Ala Ala Arg Asp Val lie Gin Asn His Leu lie Gin Leu 
260 265 270 

ttg get etg gtt gee atg gaa gaa cca att tct ttc gtg cca gcg eag 
Leu Ala Leu Val Ala Met Glu Glu Pro He Ser Phe Val Pro Ala Gin 
275 280 285 

etg cag gca gaa aag ate aag gtg etc tct gcg aca aag ccg tgc tac 
Leu Gin Ala Glu Lys He Lys Val Leu Ser Ala Thr Lys Pro Cys Tyr 
290 295 300 

cca ttg gat aaa acc tec get cgt ggt eag tac get gee ggt tgg cag 
Pro Leu Asp Lys Thr Ser Ala Arg Gly Gin Tyr Ala Ala Gly T3rp Gin 
305 310 315 320 

ggc tct gag tta gtc aag gga ett cgc gaa gaa gat ggc ttc aac cct 
Gly Ser Glu Leu Val Lys Gly Leu Arg Glu Glu Asp Gly Phe Asn Pro 
325 330 335 

gag tec acc act gag act ttt gcg get tgt acc tta gag ate acg tct 
Glu Ser Thr Thr Glu Thr Phe Ala Ala Cys Thr Leu Glu He Thr Ser 
340 345 350 

cgt cgc tgg get ggt gtg ccg ttc tac etg cgc acc ggt aag cgt ett 
Arg Arg Trp Ala Gly Val Pro Phe Tyr Leu Arg Thr Gly Lys Arg Leu 
355 360 365 

ggt cgc egt gtt act gag att gee gtg gtg ttt aaa gac gca cca cac 
Gly Arg Arg Val Thr Glu He Ala Val Val Phe Lys Asp Ala Pro His 
370 375 380 

cag cet ttc gac ggc gac atg act gta tec ett ggc caa aac gee ate 
Gin Pro Phe Asp Gly Asp Met Thr Val Ser Leu Gly Gin Asn Ala He 
385 390 395 400 

gtg att cgc gtg cag cct gat gaa ggt gtg etc ate cgc ttc ggt tec 
Val He Arg Val Gin Pro Asp Glu Gly Val Leu He Arg Phe Gly Ser 
405 410 415 

aag gtt cca ggt tct gee atg gaa gtc cgt gac gtc aac atg gac ttc 
Lys Val Pro Gly Ser Ala Met Glu Val Arg Asp Val Asn Met Asp Phe 
420 425 430 
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tec tac tea gaa tec ttc act gaa gaa tea cet gaa gca tac gag cgc 1881 
Ser Tyr Ser Glu Ser Phe Thr Glu Glu Ser Pro Glu Ala Tyr Glu Arg 
435 440 445 

ctt ate ttg gat gcg ctg ttg gat gaa tee age ctt tte ect ace aac 192 9 
Leu He Leu Asp Ala Leu Leu Asp Glu Ser Ser Leu Phe Pro Thr Asn 
450 455 460 

gag gaa gtg gaa ctg age tgg aag att ctg gat eca att ctt gaa gca 1977 
Glu Glu Val Glu Leu Ser Trp Lys He Leu Asp Pro He Leu Glu Ala 
465 470 475 480 

tgg gat gee gat gga gaa eca gag gat tac eca gca ggt acg tgg ggt 2 025 
Trp Asp Ala Asp Gly Glu Pro Glu Asp Tyr Pro Ala Gly Thr Trp Gly 
485 490 495 

eca aag age get gat gaa atg ctt tec cgc aac ggt eac ace tgg cgc 2073 
Pro Lys Ser Ala Asp Glu Met Leu Ser Arg Asn Gly His Thr Trp Arg 
500 505 510 

agg eca taatttaggg gcaaaaaatg atetttgaac ttceggatac caccacceag 212 9 
Arg Pro 

caaatttcea agaceetaac tcgactgcgt gaategggca cecaggtcae caceggcega 2189 
gtgctcaccc tcatcgtggt caetgactee gaaagcgatg tcgetgeagt taccgagtec 2249 
accaatgaag 2259 



<210> 10 
<211> 514 
<212> PRT 

<213> Corynebaeterium glutamicum 
<400> 10 

Met Ser Thr Asn Thr Thr Pro Ser Ser Trp Thr Asn Pro Leu Arg Asp 
15 10 15 

Pro Gin Asp Lys Arg Leu Pro Arg He Ala Gly Pro Ser Gly Met Val 
20 25 30 

He Phe Gly Val Thr Gly Asp Leu Ala Arg Lys Lys Leu Leu Pro Ala 
35 40 45 

He Tyr Asp Leu Ala Asn Arg Gly Leu Leu Pro Pro Gly Phe Ser Leu 
50 55 60 

Val Gly Tyr Gly Arg Arg Glu Trp Ser Lys Glu Asp Phe Glu Lys Tyr 
65 70 75 80 

Val Arg Asp Ala Ala Ser Ala Gly Ala Arg Thr Glu Phe Arg Glu Asn 
85 90 95 

Val Trp Glu Arg Leu Ala Glu Gly Met Glu Phe Val Arg Gly Asn Phe 
100 105 110 
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Asp Asp Asp Ala Ala Phe Asp Asn Leu Ala Ala Thr Leu Lys Arg lie 
115 120 125 

Asp Lys Thr Arg Gly Thr Ala Gly Asn Trp Ala Tyr Tyr Leu Ser lie 
5 130 135 140 

Pro Pro Asp Ser Phe Ala Ala Val Cys His Gin Leu Glu Arg Ser Gly 
145 150 155 160 

10 Met Ala Glu Ser Thr Glu Glu Ala Trp Arg Arg Val lie lie Glu Lys 
165 170 175 

Pro Phe Gly His Asn Leu Glu Ser Ala His Glu Leu Asn Gin Leu Val 
180 185 190 

15 

Asn Ala Val Phe Pro Glu Ser Ser Val Phe Arg lie Asp His Tyr Leu 
195 200 205 

Gly Lys Glu Thr Val Gin Asn lie Leu Ala Leu Arg Phe Ala Asn Gin 
20 210 215 220 

Leu Phe Glu Pro Leu Trp Asn Ser Asn Tyr Val Asp His Val Gin lie 
225 230 235 240 

25 Thr Met Ala Glu Asp lie Gly Leu Gly Gly Arg Ala Gly Tyr Tyr Asp 
245 250 255 

Gly lie Gly Ala Ala Arg Asp Val lie Gin Asn His Leu lie Gin Leu 
260 265 270 

30 

Leu Ala Leu Val Ala Met Glu Glu Pro lie Ser Phe Val Pro Ala Gin 
275 280 285 

Leu Gin Ala Glu Lys lie Lys Val Leu Ser Ala Thr Lys Pro Cys Tyr 
35 290 295 300 

Pro Leu Asp Lys Thr Ser Ala Arg Gly Gin Tyr Ala Ala Gly Trp Gin 
305 310 315 320 

40 Gly Ser Glu Leu Val Lys Gly Leu Arg Glu Glu Asp Gly Phe Asn Pro 

325 330 335 

Glu Ser Thr Thr Glu Thr Phe Ala Ala Cys Thr Leu Glu lie Thr Ser 
340 345 350 

45 

Arg Arg Trp Ala Gly Val Pro Phe Tyr Leu Arg Thr Gly Lys Arg Leu 
355 360 365 

Gly Arg Arg Val Thr Glu lie Ala Val Val Phe Lys Asp Ala Pro His 
50 370 375 380 

Gin Pro Phe Asp Gly Asp Met Thr Val Ser Leu Gly Gin Asn Ala lie 
385 390 395 400 

55 Val lie Arg Val Gin Pro Asp Glu Gly Val Leu lie Arg Phe Gly Ser 
405 410 415 

Lys Val Pro Gly Ser Ala Met Glu Val Arg Asp Val Asn Met Asp Phe 
420 425 430 
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Ser Tyr Ser Glu Ser Phe Thr 
435 

5 Leu lie Leu Asp Ala Leu Leu 

450 455 

Glu Glu Val Glu Leu Ser Trp 
465 470 

10 

Trp Asp Ala Asp Gly Glu Pro 
485 

Pro Lys Ser Ala Asp Glu Met 
15 500 

Arg Pro 



Glu Glu Ser Pro Glu Ala Tyr Glu Arg 
440 445 

Asp Glu Ser Ser Leu Phe Pro Thr Asn 
460 

Lys lie Leu Asp Pro lie Leu Glu Ala 
475 480 

Glu Asp Tyr Pro Ala Gly Thr Trp Gly 
490 495 

Leu Ser Arg Asn Gly His Thr Trp Arg 
505 510 



<210> 11 
<211> 20 
<212> DNA 
25 <213> Artificial Sequence 

<220> 

<2 23> Description of Artificial Sequence: Primer 
zwf -forward 

30 

<400> 11 

tcgacgcggt tctggagcag 20 



<210> 12 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

zwf -reverse 

<400> 12 

ctaaattatg gcctgcgcca g 



<210> 13 
<211> 22 
50 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Universal 
55 forward Primer 

<400> 13 

gtaatacgac tcactatagg gc 
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<210> 14 
<211> 18 
<212> DNA 

<213> Artificial Seqoience 
<220> 

<223> Description of Artificial Sequence: M13 reverse 
primer 

<400> 14 

ytccacgccc caytgrtc 



15 <210> 15 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
20 <220> 

<223> Description of Artificial Sequence: Internal 
Primer 1 

<400> 15 
25 ggaaacaggg gagccgtc 



<210> 16 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Internal 
Primer 2 

<400> 16 

tgctgagata ccagcggt 



<210> 17 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: fwd primer 
<400> 17 

atggairwcca aygghaa 



<210> 18 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: rev. primer 



99^239 BT / AL4 



<400> 18 

ytccacgccc caytgrtc 



<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
poxBintl 

<400> 19 

tgcgagatgg tgaatggtgg 



<210> 20 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Primer 
poxBint2 

<400> 20 

gcatgaggca acgcattagc 
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